Abstract: Still looking at the development of new materials with unique properties and taking advantage of the nucleophilic properties of amines to form stable azomethines, dinitrophenylhydrazine was reacted with 4-ethyl-5-methyl-2-phenyl-pyrazol-3-one and then with 4-propyl-5-methyl-2-phenyl-pyrazol-3-one to get 4-ethyl-5-methyl-2-phenyl-pyrazol-3-one dinitrophenylhydrazone (Empp-Dh) and 4-propyl-5-methyl-2-phenyl-pyrazol-3-one dinitrophenylhydrazone (Pmpp-Dh), respectively, via a simple condensation reaction in a one-pot synthesis system. Careful interpretations of results from elemental analysis, mass and NMR spectroscopy were in agreement with single-crystal X-ray diffraction data. Reported Schiff bases in their single-crystal solid state exist in imine keto tautomer form, each crystallizing in a monoclinic crystal system, with a space group of C2/c (No. 15) in Empp-Dh and P21/c (No. 14) in Pmpp-Dh. They have extensive intra-and inter-molecular hydrogen as well as C-H···π-ring interactions.
Introduction
Schiff bases are imine compounds which may be represented by the general formula R 3 R 2 C=NR 1 , where R 1 , R 2 and R 3 can/may be an alkyl, aryl, heteroaryl and/or hydrogen. They were first prepared by a German-born chemist and physicist known as Hugo Schiff [1] . Their versatile behavioral properties, remarkable reactivity and wide applications still continue to attract a lot of research attention [1, 2] . They are synthesized easily by way of a condensation reaction between a carbonyl group (aldehydes or ketones) and an amine in a basic system with the elimination of water molecules as a by-product [3, 4] . Acylpyrazolones have been reported to be a very useful chemical compound [5] [6] [7] [8] and they form interesting Schiff bases on reaction with different amine groups by way of functional group substitution and synthetic modifications [9, 10] . Their good chelating potentials towards transition metal ions have made them useful analytical reagents. As such, 2,4-dinitrophenylhydrazine is a nitro-substituted phenylhydrazine with an intense reddish orange color. It was employed for the quantitative identification of carbonyl functional groups [11] , a characteristic that is responsible for its function as a nucleophilic amine for Schiff base synthesis. Schiff bases derived from N-(1-phenyl-2-hydroxy-2-phenyl ethylidine)-2,4-dinitrophenyl hydrazine (PDH) have been reported to positively affect (reduce) the average weight of the esophageal squamous carcinoma(ECA) tumor cells in a research study on mice [12] . We have synthesized a benzoyl derivative of a 2,4-dinitrophenylhydrazone with a solvent molecule distortion, titled, 4-{[2-(2,4-Dinitrophenyl)hydrazinylidene]-(phenyl)methyl}-5-methyl-2-phenyl-1H-pyrazol-3-(2H)-one ethanol monosolvate [13] , as well as a group of other benzoyl derivatives of 4-acylpyrazolone Schiff bases which have shown interesting biological properties both as ligands and as transition metal complexes [14] . Our work on the development of new Schiff bases with novel properties [15, 16] , taking advantage of functional group modifications, continues in this paper. The single-crystal structure of 4-ethyl and 4-propyl pyrazolone derivatives of 2,4-dinitrophenylhydrazones alongside their spectroscopic properties are presented and discussed.
Results

Synthesis and Elemental Analysis
Acylpyrazolone precursors have been synthesized previously [17] , and with method modifications 4-ethyl-5-methyl-2-phenyl-pyrazol-3-one (Empp) and 4-propyl-5-methyl-2-phenyl-pyrazol-3-one (Pmpp) were obtained. In a simple condensation reaction with 2,4 dinitrophenylhydrazine, 4-ethyl-5-methyl-2-phenyl-pyrazol-3-one dinitrophenylhydrazone (Empp-Dh) and 4-propyl-5-methyl-2-phenyl-pyrazol-3-one dinitrophenylhydrazone (Pmpp-Dh) were synthesized in a one-pot synthesis set-up observing all reaction conditions as shown in Figure 1 . The new ligands precipitated in good yield with a distinct orange color, which was followed by successive washing with methanol as well as with diethyl ether to remove all traces of unreacted starting materials and possible hydration from solvent water. They were recrystallized from hot methanol and a small melting point range was in agreement with their isolation in their pure forms. Single crystals of ligands were later grown from the dry precipitates. Experimental Carbon Hydrogen and Nitrogen elemental analysis for the reported synthesized ligands was in agreement with the calculated values which supported their spectroscopic results.
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Synthesis and Elemental Analysis
Acylpyrazolone precursors have been synthesized previously [17] , and with method modifications 4-ethyl-5-methyl-2-phenyl-pyrazol-3-one (Empp) and 4-propyl-5-methyl-2-phenyl-pyrazol-3-one (Pmpp) were obtained. In a simple condensation reaction with 2,4 dinitrophenylhydrazine, 4-ethyl-5-methyl-2-phenyl-pyrazol-3-one dinitrophenylhydrazone (Empp-Dh) and 4-propyl-5-methyl-2-phenyl-pyrazol-3-one dinitrophenylhydrazone (Pmpp-Dh) were synthesized in a one-pot synthesis set-up observing all reaction conditions as shown in Figure 1 . The new ligands precipitated in good yield with a distinct orange color, which was followed by successive washing with methanol as well as with diethyl ether to remove all traces of unreacted starting materials and possible hydration from solvent water. They were recrystallized from hot methanol and a small melting point range was in agreement with their isolation in their pure forms. Single crystals of ligands were later grown from the dry precipitates. Experimental Carbon Hydrogen and Nitrogen elemental analysis for the reported synthesized ligands was in agreement with the calculated values which supported their spectroscopic results. 
1 H/ 13 C NMR and Mass Spectroscopy
The dinitrophenylhydrazones reported have exhibited common resonance signals at almost the same chemical shifts in their 13 C NMR spectra. The presense of an aliphatic region resonance band at 38.50 ppm in Pmpp-Dh, which is absent in the spectrum of Empp-Dh, may be attributed to the extra -CH-group associated with the propyl derivative, as shown in Figure 2 . This can also be corroborated by the prominent sharp signal at around 14.06 ppm. Similarly, the presence of the carbonyl C=O and the azomethine C=N, resonating at 147.21 and 144.42 ppm in Empp-Dh, is observed at 147.27 and 144.37 ppm in Pmpp-Dh, respectively [14, 18] . 
The dinitrophenylhydrazones reported have exhibited common resonance signals at almost the same chemical shifts in their 13 C NMR spectra. The presense of an aliphatic region resonance band at 38.50 ppm in Pmpp-Dh, which is absent in the spectrum of Empp-Dh, may be attributed to the extra -CH-group associated with the propyl derivative, as shown in Figure 2 . This can also be corroborated by the prominent sharp signal at around 14.06 ppm. Similarly, the presence of the carbonyl C=O and the azomethine C=N, resonating at 147.21 and 144.42 ppm in Empp-Dh, is observed at 147.27 and 144.37 ppm in Pmpp-Dh, respectively [14, 18] . In the 1 H NMR spectra in Figure 3 , the resonance signals observed at the downfield region from 12.28 to 10.73 ppm are attributed to the -NH proton and the azomethine group hydrogen atom C=NH. The aromatic hydrogens Ar-H are observed between 8.84 and 7.14 ppm while the aliphatic -CH2 and -CH3 resonate at 2.22 and 0.98 ppm. In the 1 H NMR spectra in Figure 3 , the resonance signals observed at the downfield region from 12.28 to 10.73 ppm are attributed to the -NH proton and the azomethine group hydrogen atom C=NH. The calculated formula mass of the reported 2,4-dinitrophenylhydrazones is in agreement with the molecular ion peak plus one proton (M + + 1) as observed in their mass spectra, shown in Figure 4 . The calculated formula mass of the reported 2,4-dinitrophenylhydrazones is in agreement with the molecular ion peak plus one proton (M + + 1) as observed in their mass spectra, shown in Figure 4 . 
X-Ray Crystallography
A summary of the crystal data of Schiff base ligands is presented in table 1, and their molecular and crystal structures are presented in Figures 5 and 6 . In the crystal structure of Empp-Dh, the asymmetrical unit cell contains one molecule of the compound, and one solvent dimethylformamide DMF molecule. The ethyl group on the Empp-Dh ligand has rotational disorder in a 0.87:0.13 ratio. 
A summary of the crystal data of Schiff base ligands is presented in Table 1 , and their molecular and crystal structures are presented in Figures 5 and 6 . In the crystal structure of Empp-Dh, the asymmetrical unit cell contains one molecule of the compound, and one solvent dimethylformamide DMF molecule. The ethyl group on the Empp-Dh ligand has rotational disorder in a 0.87:0.13 ratio. There are a number of N-H…O, C-H…O and C-H…N hydrogen interactions [13] . In the methyl-phenyl pyrazolone group, the phenyl ring plane makes an angle of 13.95(6) • with the methyl-pyrazolone plane, which in turn makes an angle of 74.23 (2) • with the dinitrophenylhydrazine group.
There are a number of N-H···O, C-H···O and C-H···N hydrogen interactions [13] . The shortest intra-molecular interaction is N3-H3···O1 with a length of 1.881(17) Å, while the shortest inter-molecular interaction is between the titled molecule and the solvent DMF N4-H4···O7 with a length of 2.065(19) Å. There is also a C-H···π-ring interaction between DMF and the phenyl of the phenylhydazone group with a C73-H73A to centroid distance of 2.68 Å. The shortest ring π···π interaction is between the phenyl of the phenylhydazone group and an adjacent dinitrophenyl group with a centroid-to-centroid distance of 3.8096(8) Å.
The asymmetric unit cell of the Pmmp-Dh crystal structure contains two molecules of Pmmp-Dh, and two solvent dimethylformamide DMF molecules, shown in Figure 6 . The two Pmmp-Dh molecules are identical except for the rotation around the N-N bond, and at the propyl group of one of the molecules there is a rotational disorder in a 0.88:0.12 ratio. After the inversion of one of the molecules and overlaying, the Root-mean-square deviation of atomic positions (RMSD values) is only 0.0847 and the largest positional difference between two non-hydrogen atoms, O14 and O23, is 0.2923 Å. The average dihedral angle between the two least square planes through the phenazone groups and the dinitrophenylhydrazine groups is 80.8(2) Å.
the Pmmp-Dh ligand molecules with N14-H14···O3 having a length of 2.02(4) and N24-H24···O4 having a length of 2.06(3) Å, which is the shortest. The crystal shortest π-ring interactions are C-H···Cg (π-ring)-type interactions between the methyl groups of the DMF molecules and the phenyl rings of the phenylhydrazone groups, where the shortest interactions are C33-H33C···Cg (C111-C116) and C43-H43C···Cg (C211-C216) with hydrogen-to-centroid lengths of 2.84 and 2.90 Å, respectively. There are a number of N-H···O, C-H···O and C-H···N intra-molecular hydrogen interactions with N13-H13···O11 and N23-H23···O21 being the shortest with lengths of 1.89(3) and 1.95(3) Å, respectively. There are also a number of inter-molecular hydrogen interactions directly between the titled molecules. C213-H213···O21 and C115-H115···O11 are the shortest with lengths of 2.55 and 2.58 Å, respectively. The DMF solvent molecules have inter-molecular hydrogen interactions with the Pmmp-Dh ligand molecules with N14-H14···O3 having a length of 2.02(4) and N24-H24···O4 having a length of 2.06(3) Å, which is the shortest. The crystal shortest π-ring interactions are C-H···Cg (π-ring)-type interactions between the methyl groups of the DMF molecules and the phenyl rings of the phenylhydrazone groups, where the shortest interactions are C33-H33C···Cg (C111-C116) and C43-H43C···Cg (C211-C216) with hydrogen-to-centroid lengths of 2.84 and 2.90 Å, respectively.
Experimental
General Methods and Synthesis
Melting point was determined using the GallenKamp melting point apparatus (Northampton, UK). CHN elemental analyses were carried out on a LECO.TRUSpec Micro CHNS analyzer (St. Joseph, MI, USA). 1 H and 13 C NMR spectra in deuterated DMSO were recorded on a Varian Unity Inova 600 NMR spectrometer (Lyon, Rhône-Alpes, France) with a 1 H frequency of 600 MHz and a 13 C frequency of 150 MHz using trimethylsilane TMS as internal standard. A 5 mm dual channel IDpfg probe was used to collect the spectra and chemical shifts are given in ppm (δ scale). Mass spectra were determined by the Bruker micrOTOF-Q II 10390 mass spectrometer (Billerica, MA, USA). They were analyzed with Atmospheric-pressure chemical ionization (APCI) and Electrospray Ionization (ESI) using a direct insertion probe (DIP). An external calibration with sodium formate was performed to attain the correct accurate mass. Single-crystal X-ray diffraction studies were performed at 200 K using a Bruker Kappa Apex II diffractometer (Madison, WI, USA) with graphite monochromated Mo Kα radiation (λ = 0.71073 Å). All reagents, solvents; dinitrophenylhydrazine and 3-methyl-1-phenyl-2-pyrazolin-5-one were of analytical grade as supplied by Aldrich. Schiff base precursors, 4-ethyl-5-methyl-2-phenyl-pyrazol-3-one Empp and 4-propyl-5-methyl-2-phenyl-pyrazol-3-one Pmpp were synthesized, isolated and purified as reported earlier [14, 18] . 
X-Ray Diffraction Studies
Single-crystal X-ray diffraction studies were performed at 200 K using a Bruker Kappa Apex II diffractometer with graphite monochromator, Mo Kα radiation (λ = 0.71073 Å). Data collection was [19] . The structure was solved using SHELXL2014/7 program [20] . SHELXL2014/7 was also used for structure refining alongside the ShelXle [21] as a graphical interface. All non-hydrogen atoms were refined anisotropically. Molecular graphics was ensured with the ORTEP-3 for Windows [22] , while the PLATON [23] as well as the Mercury [24] were used for crystal materials preparation.
Conclusions
The nucleophilic amine properties of dinitrophenyl hydrazine have been utilized to design/prepare the new N, O donor bidentate dinitrophenylhydrazones with interesting spectroscopic and solid-state structural attributes. Preliminary studies of the nitrogen-rich dinitrophenylhydrazone derivatives reported earlier showed significant bioactivities and, as such, the anticancer studies of these new, chemically stable 2,4-dinitrophenylhydrazones reported herein is ongoing.
